Assimilation Experiment (GODAE) recognized that the diverse SST products then available could not meet the stringent availability, accuracy, coverage, and timeliness criteria required for operational ocean or meteorology prediction and ECV production. GODAE thus initiated the GODAE High-Resolution SST Pilot Project (GHRSST-PP) to address these issues through the production of a common format data set that includes all satellite SST data together with uncertainty estimates.
The primary aim of GHRSST-PP was to develop and demonstrate a system that could deliver high-resolution, globalcoverage SST data products operationally in near-real time according to GODAE specifications. Although an operational network of SST measurements from ships and buoys was available, the only way to meet GODAE requirements was to use measurements from Earth observation satellites. The Pilot Project worked to establish an internationally distributed system that acquired existing SST data products, enhanced them by adding additional information, and made them available in a common format so that they could be combined to produce a new generation of products. This project required international collaboration among organizations that produce satellite SST data products from different complementary sensor types. GHRSST-PP developed a system that exploited the unique contributions of each sensor type and institutional partner (Donlon et al., 2007) . Success was achieved not just by solving scientific, operational, and technical problems, but also by cooperation at an international level to agree on data product definitions and standards acceptable to users, producers, and data managers. ABStr Act. Sea surface temperature (SST) measurements are required by operational ocean and atmospheric forecasting systems to constrain modeled upper ocean circulation and thermal structure. The Global Ocean Data Assimilation Experiment (GODAE) High Resolution SST Pilot Project (GHRSST-PP) was initiated to address these needs by coordinating the provision of accurate, highresolution, SST products for the global domain. The pilot project is now complete, but activities continue within the Group for High Resolution SST (GHRSST). The pilot project focused on harmonizing diverse satellite and in situ data streams that were indexed, processed, quality controlled, analyzed, and documented within a Regional/Global Task Sharing (R/GTS) framework implemented in an internationally distributed manner. Data with meaningful error estimates developed within GHRSST are provided by services within R/GTS. Currently, several terabytes of data are processed at international centers daily, creating more than 25 gigabytes of product.
Ensemble SST analyses together with anomaly SST outputs are generated each day, providing confidence in SST analyses via diagnostic outputs. Diagnostic data sets are generated and Web interfaces are provided to monitor the quality of observation and analysis products. GHRSST research and development projects continue to tackle problems of instrument calibration, algorithm development, diurnal variability, skin temperature deviation, and validation/verification of GHRSST products. GHRSST also works closely with applications and users, providing a forum for discussion and feedback between SST users and producers on a regular basis. All data within the GHRSST R/GTS framework are freely available. This paper reviews the progress of GHRSST-PP, highlighting achievements that have been fundamental to the success of the pilot project.
real-time quality control monitoring services, and developed a framework of international collaboration, support, and resource sharing that was actively nurtured by an international science team, an international project office, and dedicated technical advisory groups.
Based on these useful activities, the Pilot Project leveraged national and regional agencies and offices to fund its activities. For a full review of GHRSST SST definitions, impacts, and importance of diurnal variability, technology, and standards used, the reader is referred to Donlon et al. (2007) . For a full review of future GHRSST activities, the reader is referred to a white paper submitted The following key requirements emerged from these workshops.
Scientific research and Development requirements
• Provide tools to convert between radiometric "skin" SST and SST at depths measured by ships and buoys.
• Ensure that SST diurnal variability (DV) is properly flagged within observational data and provide tools to isolate the DV signal from measurements prior to their use in data assimilation and analysis procedures.
• Develop new methods to merge in situ data with complementary microwave and infrared satellite data.
• Develop methods to correct for bias in different satellite data sets.
• Develop methods and tools that Craig J. Donlon (craig.donlon@esa.int • Develop methods to merge long-term SST data sets in a reanalysis program that considers SST data for the entire satellite era.
• Develop high-resolution sea ice data sets and accurate SST products in the marginal ice zone.
• Promote the project at scientific meetings and symposia.
Operational requirements
• The user community should be involved at all stages of GHRSST-PP service and product development and evolution.
• Products should be delivered in near-real time and in an operationallike manner.
• Diverse SST data product formats and content should be homogenized so that users need only develop one software reader.
• Data management should enable interoperability, and good data stewardship should follow internationally agreed standards, leverage existing data distribution protocols, and provide tools and services.
• Delivery and timeliness of products should be monitored and users informed of problems when they occur at the earliest possible time.
• Language barriers should be overcome using an agreed vocabulary.
• Quality-control procedures should be developed and installed within a common framework for all data providers and users.
• Tools for real-time intercomparisons and validation/verification of GHRSST-PP products should be established.
• A set of user-focused services should be provided in a common framework for seamless data access.
• Long-term stewardship of GHRSST-PP output, user support, and help services should be developed and operated within a common framework.
• Updated product and service documentation are required.
• Outreach and training activities should be initiated to include the end user community via a dedicated Internet portal.
product requirements
• GHRSST-PP should provide both SST measurement products (Level-2
[L2]) and multi-sensor merged Level-4 (L4) analysis products, including uncertainty estimates for each derived SST value.
• L2 products should be provided as native grid (i.e., swath projection), and analysis products should be developed at resolutions of 10 km or better for the global ocean and regions of interest.
• Both L2 and L4 products should include supporting auxiliary data sets to aid interpretation of SST by users. 
GhrSSt-l2p products
These products are baseline measurement data sets. SST data generated from products exploit the synergy among data from in situ, satellite microwave, and satellite infrared sensors and typically use all available data in a 24-hour period prior to the analysis. As for L2P data streams, the GHRSST-PP L4 data format specification is a netCDF file following the CF v1.3 convention. Several L4 production systems with global and regional coverage are currently operational using different analysis methods (e.g., Reynolds and Smith, 1994) . In situ data form an important component of the L4 process as these data can be used to correct for biases among the satellite data sets. Bias correction of all input data used in the analysis procedure is critical to obtaining a valid output (for example, see Reynolds et al., 2007) . Bias due to diurnal stratification and cool skin effects must also be accounted for using auxiliary data and/or parameterization schemes prior to performing the analysis, in order to adjust observed SST to an estimate of subsurface SST at a specific depth. Although SST analysis methods predate the initiation of GHRSST-PP, the availability of L2P data has greatly facilitated their operation and allowed them to exploit more sources of SST than was previously possible. Figure 3 shows an intercomparison among several GHRSST L4 SST analysis products. Figure 5 is an example of GMPE output. 
ApplicAtiONS
The GHRSST system provides users, . The regional/Global task Sharing (r/GtS) framework that established an international set of regional Data Assembly centers (rDAcs), each of which delivers data to a Global Data Assembly center (GDAc; see http://ghrsst.jpl.nasa. gov) and the regional user community. Data were and continue to be served from GDAc to near-real-time users and applications for 30 days before the data are sent to the long-term Stewardship and reanalysis Facility (ltSrF; at http://ghrsst.nodc. noaa.gov) for long-term archive, stewardship, provision to delayed mode users, and future climate data record (cDr) production. will also focus more attention on the production of SST climate data records as part of the reanalysis project in order to satisfy the need for a merged, longterm SST data set through the satellite era. Collaboration with GCOS in this respect has led to exciting new developments such as studying the differences between comparable data sets using dedicated tools (see http://ghrsst.nodc. noaa.gov/intercomp.html for more information). Focus will also be placed on the production of higher-resolution (< 5 km) regional and global data sets.
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